Introduction {#Sec1}
============

The main advantage of laparoscopic surgery is to better preserve abdominal wall integrity, in comparison with laparotomy. However, specific morbidity is linked to insertion of trocars of 3.5--15 mm through abdominal wall. It mainly consists in incisional cellulitis and hematoma, and less frequently in trocar site hernia. Several publications studied trocar site hernia occurrences in order to identify clinical warnings and prevention strategies for such complications. A review based on 16 studies from the past 10 years and including 20,281 patients who underwent laparoscopic surgery (gastrointestinal, urological, gynecological or vascular) showed a rate of 0.7 % of laparoscopic port hernias \[[@CR1]\]. Two studies about laparoscopic colorectal surgery reported an extraction site incisional hernia rate of 7.8 and 6 %, respectively \[[@CR2], [@CR3]\]. A paper focusing on laparoscopic gastrointestinal surgery reviewed 18 studies including 11,699 patients and showed a trocar port hernia rate of 0.74 % \[[@CR4]\]. Morbidity and more particularly laparoscopic port hernia rate are thus associated with trocar number and with incision size larger than 5 mm \[[@CR5], [@CR6]\], and it is now well known that incision equal or larger than 10 mm length should be closed with extra care \[[@CR4], [@CR7], [@CR8]\]. Laparoendoscopic single-site (LESS) surgery is based on a single port but requires a larger incision. The single larger incision, that can also be the extraction site of operating specimen, theoretically increases the risk of laparoscopic port hernia. Therefore, the objectives of the present study are to determine the trocar site hernia rate and to identify its predictive factors among a cohort of patients who underwent cholecystectomy and sigmoidectomy by LESS surgery, and to compare corresponding results with published ones for conventional laparoscopy and for LESS surgery.

Materials and methods {#Sec2}
=====================

Statement of human rights {#Sec3}
-------------------------

This study did not intrude with patient's care and all patients included in this study have been informed of the research and of their right to oppose the use of their data.

### Study design and patient selection {#Sec4}

The present study is a retrospective analysis of patients who underwent cholecystectomy and sigmoidectomy by LESS surgery in the visceral surgery department at Groupe Hospitalier de la Rochelle Ré Aunis, France in order to determine the trocar site hernia rate. Eligible patients had a scheduled LESS surgery, in respect with preoperative status defined according to the Physical Status Classification I to III as classified by the American Society of Anesthesiology, between December 1st, 2009 and November 30th, 2012. Demographic, intraoperative, and postoperative data of 219 patients treated by the same surgeon were collected and entered into a de-identified database. Nine patients were not included in the database as their follow-up data were not available (2 deceased, and 7 were lost to follow-up). Reported data included age, gender, body mass index, previous abdominal surgery, diagnosis, incision length, operative time, use of additional instrument, preoperative umbilical hernia, postoperative hospital stay, early and late complications, and pregnancy after surgery. Follow-up data corresponded to patient's consultation at day 15, day 30, and 1 year later, and were collected by phone during a follow-up campaign performed over the end of year 2013. All patients were examined by the same clinician. Phone call included the following question: have you noticed something in the area of the trocar site like a bulge, a burn, gurgle, pain, or discomfort especially while doing Valsalva maneuver. In case of doubt during the clinical or phone call examination, ultrasonography of the access site was performed. All related serious adverse events requiring a therapeutic response were recorded as postoperative morbidity. Early complications were considered to happen within 1 month after the surgery and late complications later on.

### Operative technique {#Sec5}

A 2- or a 3-cm arcuate incision was performed at the umbilicus upper edge for cholecystectomy and lower edge for sigmoidectomy. The facial level was incised transversely over a length of 25 or 30 mm for cholecystectomy and sigmoidectomy, respectively. The SILS^®^ port system (Covidien, Mansfield, USA) was used for cholecystectomy and single port Gelpoint^®^ (Applied Medical Systems, Rancho Santa Margarita, CAR), that is fitted with a wound protector, was used for sigmoidectomy. Intraoperative cholangiography was performed for 18 patients. A 50-cm long, 30°, 5-mm diameter, laparoscope (Storz, Stuttgart, Germany); straight laparoscopic instruments (coagulating device, scissors and graspers); and in case of sigmoidectomy a LigaSure™ V vessel sealing instrument (Valleylab, Boulder, Colorado, USA) were used. Operating time was recorded starting from umbilical incision up to its closing. The gallbladder was extracted using an EndoCatch bag (Covidien, Mansfield, USA).The sigmoidectomy specimen was pulled out through the wound protector. The colon was returned to the peritoneal cavity after positioning an anvil for EEA anastomosis (EEA™ 31-mm circular stapler from Covidien, Mansfield, USA).

The abdominal wall fascia was closed by two figures of eight sutures of Vicryl 0 (Ethicon Endo-Surgery (Europe) GmbH, Norderstedt, Germany) or using four simple interrupted stitches of vicryl 2 (Ethicon Endo-Surgery (Europe) GmbH, Norderstedt, Germany) for cholecystectomy and sigmoidectomy, respectively.

Statistics {#Sec6}
----------

The primary objective was the estimation of laparoscopic port hernia rate. Secondary objectives were to report on other adverse events and potential consequences on subsequent pregnancies. A descriptive analysis of the data is reported. Association between five factors (age, body mass index, history of previous abdominal surgery, preoperative umbilical hernia, and operative time) and the apparition of post-cholecystectomy complications was studied. Bivariate ORs and 95 % confidence intervals were estimated.

Results {#Sec7}
=======

Among the 219 patients included in the study, 66.2 % were female, the median age was 57 years old, and the median body mass index was 24.4 kg/m^2^ (Table [1](#Tab1){ref-type="table"}). Previous abdominal surgery was registered for 9.1 % of the patients, 9 had a laparotomy with umbilical incision and 11 had a laparoscopy using a 12-mm trocar in umbilical position. Diagnosis of biliary colic, acute cholecystitis, and acute pancreatitis in 136, 47, and 7 patients, respectively, led up to a scheduled cholecystectomy. Twenty-nine patients underwent sigmoidectomy for recurrent diverticular disease. Preoperative umbilical hernia has been observed in 20 patients, 16 and 4 who underwent a cholecystectomy and sigmoidectomy, respectively.Table 1Demographics and clinical characteristics of study patientsCholecystectomySigmoidectomyTotal(*n* = 190)(*n* = 29)(*n* = 219)Median age, years (range)54 (14--88)64 (40--92)57 (14--92)Gender Male57 (30 %)17 (58.6 %)74 (33.8 %) Female133 (70 %)12 (41.4 %)145 (66.2 %)Median BMI, kg/m^2^ (range)24.3 (15.8--44.9)25 (18.7--57.1)24.4 (15.8--57.1) Normal ≤ 24.9108 (56.8 %)14 (48.3 %)122 (55.7 %) Overweight 25.0--29.973 (38.4 %)13 (44.8 %)86 (39.3 %) Obese ≥ 30.09 (4.7 %)2 (6.9 %)11 (5.0 %)Previous abdominal surgery Laparotomy6 (3.2 %)3 (10.3 %)9 (4.1 %) Laparoscopy10 (5.3 %)1 (3.4 %)11 (5.0 %)Diagnosis Biliary colic136 (71.6 %)136 (62.1 %) Acute cholecystitis47 (24.7 %)47 (21.5 %) Acute pancreatitis7 (3.7 %)7 (3.2 %) Diverticular disease29 (100 %)29 (13.2 %)Preoperative umbilical hernia16 (8.4 %)4 (13.8 %)20 (9.1 %)*BMI* body mass index

The median operating time was 34.5 and 118 min for cholecystectomy and for sigmoidectomy, respectively (Table [2](#Tab2){ref-type="table"}). An incision of 20 mm length was made for cholecystectomy and of 30 mm length for sigmoidectomy. No subsequent open surgery was required for any of the patients and none of the patient developed perioperative access-site complication. However, due to diverticulitis specimen extraction difficulty during sigmoidectomy, 8 patients required incision enlargement (5 and 10 mm widening for 4 and 4 patients, respectively). Median postoperative hospital stay varied from 1 day for patients who underwent cholecystectomy to 5 days for patients who underwent sigmoidectomy. Early complications occurred in 12 patients and consisted in umbilical incisional hematoma (2.7 %), umbilical incisional cellulitis (2.3 %) handled by local care at patient's home, and 1 case of hemoperitoneum that occurred after cholecystectomy and required a secondary surgical revision in order to wash the vesicular area. Late complication, consisting in laparoscopic port hernia, was detected in three patients (1.4 %) during follow-up. All three were detected by physical examination, while 14 doubts led to verification by ultrasonography but were not confirmed as trocar port hernia. One case happened 4 months after a cholecystectomy, and the two others happened 8 months after a sigmoidectomy. Clinical signs were an umbilical bud without pain or occlusive syndrome. The three patients underwent a secondary open surgery. Hernias were repaired using an intraperitoneal underlay technique utilizing a bilayer prosthetic mesh.Table 2Primary and secondary outcomesCholecystectomySigmoidectomyTotal(*n* = 190)(*n* = 29)(*n* = 219)Primary outcomes Median length of incision, mm (range)20 (19--21)30 (30--40)20 (20--40) Incision enlargement0 (0.0 %)8 (27.6 %)8 (3.6 %) Median operating time, min (range)34.5 (18--97)118 (70--217)35 (18--217) Additional instrument5 (2.6 %)2 (6.9 %)7 (3.2 %)Secondary outcomes Postoperative hospital stay, days (range)1 (0.4--8)5 (1--9)1 (0.4--9) Median follow-up time, months (range)34.7 (13--49)30.2 (13--42)34.4 (13--49) Early complications  Hematoma5 (2.6 %)1 (3.5 %)6 (2.7 %)  Hemoperitoneum1 (0.5 %)0 (0 %)1 (0.5 %)  Wound complication4 (2.1 %)1 (3.5 %)5 (2.3 %) Late complications  Laparoscopic port hernia1 (0.5 %)2 (6.9 %)3 (1.4 %) Overall morbidity22 (11.5 %)7 (24.1 %)13 (5.9 %)Pregnancy11 (5.8 %)0 (0.0 %)11 (5.0 %)

No significant association was found between postoperative complications and patient's age, body mass index, previous abdominal surgery, and operative time (Table [3](#Tab3){ref-type="table"}). However, an association between early postoperative complications and pre-existing umbilical hernia has been observed among patients who underwent cholecystectomy. Involved complications consisted in umbilical incisional hematoma and cellulitis.Table 3Bivariate analysis of association between postoperative complications and selected predictors for patients who underwent cholecystectomyPatientsPostoperative complication (%)OR (95 % CI)*p* valueAge (years) 0--591128 (7 %)1.00.182 ≥60782 (3 %)0.3 (0.1--1.6)BMI (kg/m^2^) Normal1083 (3 %)1.00.094 Overweight and obese827 (9 %)3.3 (0.8--13)Previous abdominal surgery No1749 (5 %)1.00.854 Yes161 (6 %)1.2 (0.1--10.3)Preoperative umbilical hernia No1746 (3 %)1.00.002 Yes164 (25 %)9.3 (2.3--37.6)Operative time (min) ≤30762 (3 %)1.00.202 \>301148 (7 %)2.8 (0.6--13.5)Postoperative complications include hematoma, hemoperitoneum, wound complication, and laparoscopic port hernia*OR* odds ratio, *CI* confidence interval, *BMI* body mass index

Discussion {#Sec8}
==========

The laparoscopic port hernia rate observed in our study is similar to that usually reported in conventional laparoscopy, and similar results have recently been published in LESS gynecological surgery with a trocar site hernia rate of 0.5 and 0.6 % \[[@CR9], [@CR10]\]. In a multicentric study about cholecystectomy using LESS surgery, Curcillo et al. report a 0 % rate \[[@CR11]\], while in a monocentric study, Krajinovic et al. report a 2 % rate \[[@CR12]\]. In LESS colorectal surgery, Podolsky et al. report a rate of 1.6 % \[[@CR13]\], and in LESS appendectomy Buckley et al. report a 0.59 % rate \[[@CR14]\]. To our knowledge, only one prospective, multicentric, randomized study reports a significantly increased rate of laparoscopic port hernia after LESS surgery in comparison with conventional laparoscopy for cholecystectomy (1.2 *vs* 8.4 %, *p* = 0.03) \[[@CR15]\].

In the literature, most trocar port hernias were identified within the first year after surgery \[[@CR16], [@CR17]\]. However, complications could occur later on, with warning clinical signs ranging from simple abdominal bud, associated or not with pain, to true occlusive syndrome \[[@CR18]\]. In our study, one case happened 4 months after a cholecystectomy and the 2 others happened 8 months after a sigmoidectomy. None of these laparoscopic port hernias were associated with intestinal incarceration. Moreover, among patients who underwent a cholecystectomy, eleven carried out a pregnancy to term (one got pregnant twice) within 4 years following the surgery and none of them developed a trocar site hernia.

Although obesity is considered a classical risk factor for laparoscopic port hernia, none of the 11 patients with a body mass index above 30 kg/m^2^ developed such complication in our study. It is noteworthy that the quality of the parietal wall closure is increased thanks to easier access related to LESS incision size \[[@CR9]--[@CR11]\]. Moreover, optimal air expiry through this larger port allows avoiding the effect of visceral mass and omentum "expulsion" along with remaining carbon dioxide as described by Duron et al. \[[@CR19]\]. As it was feasible, and as recommended by Montz et al. \[[@CR18]\], systematic closure of peritoneum plane and muscle fascia was performed. Indeed, lack of closure of posterior plane seems to increase trocar site hernia risk \[[@CR20]\].

In conventional laparoscopy, laparoscopic port hernia risk is increased by the presence of preoperative umbilical hernia \[[@CR21]\]. Such anomaly has been observed among 20 of our patients (9.1 %). Patients with or without preoperative hernia were handled the same way: the closure has been done under direct vision, incorporating all layers of the abdominal wall including the peritoneum. Even though an association between early postoperative complication and pre-existing umbilical hernia has been observed among patients who underwent cholecystectomy, none of them developed a laparoscopic port hernia, and neither did the four patients with pre-existing umbilical hernia who underwent a sigmoidectomy. We believe that incision length in laparoscopy single-site surgery offers a better view of the anatomical region, and thus enables easier detection and handling of pre-existing umbilical hernia.

Iterative introduction of trocars and secondary enlargement of orifice for device extraction during conventional laparoscopy have been involved with incisional cellulitis, hematoma, and trocar site hernia \[[@CR22]\]. During LESS surgery for cholecystectomy, none of these additional interventions was necessary even in case of large gallstone. Due to diverticulitis specimen extraction difficulty during sigmoidectomy, 8 patients required incision enlargement (5 and 10 mm widening for 4 and 4 patients, respectively). None of the corresponding patients developed subsequent laparoscopic port hernia, but one patient had both hematoma and wound infection.

Leibl et al. emphasized the traumatic nature of conventional laparoscopy using sharp cutting trocar cannula systems which cut tissue in comparison to blunt conical trocar cannula systems that dilate tissue \[[@CR23]\]. The use of the first procedure is more associated with trocar site hernia (1.83 %) than the second one (0.17 %). We believe that the single incision made for positioning a single port is like an incision done by a sharp cutting trocar cannula system and therefore theoretically increases trocar site hernia risk. However, to our knowledge, no study analyses the effect of differently shaped devices for LESS surgery on parietal trauma.

In conclusion, despite a higher theoretical risk of trocar site hernia with LESS surgery, the results obtained in our study show that trocar site hernia rate was similar to the rate observed after conventional laparoscopy. Peri-umbilical incision, longer than that with conventional laparoscopy, allowed better pre-existing hernia handling and made anatomical closing easier among obese patients. Specimen retrieval was also facilitated thus limiting traumatic operations. LESS surgery seems suitable for patients concerned with esthetic integrity and for women seeking pregnancy. However, these results need to be completed by further studies providing longer follow-up time and comparing different marketed mono trocar devices.
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